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Review Article

Midodrine and Pyridostigmine; Novelties in Heart Failure 
Therapy

ABSTRACT
Objectives: Providing a comprehensive review of the beneficial effects of Midodrine and Pyridostigmine in heart failure.
Background: Heart failure is a leading cause of mortality, and morbidity. Applying the standard medical therapy is often 
limited by developing side effects. This study explores the role of Midodrine in optimizing heart failure therapy, and de-
scribes the role of Pyridostigmine as a novel agent in the treatment of heart failure. Methods: A 16 years search was 
conducted through PubMed, using the search terms Midodrine and Pyridostigmine each in association with cardiac fail-
ure, congestive heart failure, heart failure, or other related terms. Articles through December 2015 were used. Results 
and discussion: Using Midodrine in hypotensive patients with heart failure resulted in a twofold increase in the number 
of patients on optimal medical therapy, increase in ejection fraction, decrease in hospitalization days, and symptomatic 
improvement. Pyridostigmine use in heart failure was associated with beneficial effects in cardiac remodeling and with 
improvement in ejection fraction in animal models, and with better cardiac exercise response profile in humans. Conclu-
sion: Pyridostigmine carry potential benefits in heart failure therapy and Midodrine can be beneficial in patients with 
heart failure and hypotension. This needs to be verified in larger studies.
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INTRODUCTION
Heart failure is emerging as one of the major medical problems in the 
United States, affecting 5.1 million US individuals according to the last 
statistical update by the American Heart Association.1 Mortality from 
heart failure exacerbations remains high despite available therapy.2 
In addition, physical symptoms of heart failure were shown to be the 
most important predictor of health related quality of life.3 Application 
of medical therapy is often limited by medication side effects, leading to 
a decreased number of patients on optimal medical therapy.4 Limitation 
in the available therapy is driving scientists and clinicians to explore new 
treatment modalities and to find ways to optimize current treatment op-
tions. In this review, we focus on 2 drugs that may carry potential benefit 
for patients with heart failure. This paper will discuss the role of Mido-
drine - alpha one agonist -, and Pyridostigmine - acetylcholine esterase 
inhibitor - in heart failure therapy.5,6 To our own knowledge, this article 
is the first to provide a comprehensive review of the beneficial effects of 
the use of Midodrine and Pyridostigmine in heart failure therapy. Data 
from in vitro studies, studies involving animal models, along with data 
from human studies will be presented.

METHODS
A 16 years search was conducted through PubMed, using the search 
terms Midodrine, Pyridostigmine, each in association with cardiac fail-
ure, congestive heart failure, heart failure, or other related terms. Articles 
through December 2015 were isolated. The identified literature was fur-
ther evaluated for original studies and reports. Articles were then as-
sessed for beneficial effects presented. Data from studies in vitro, animal 
models, and human studies and reports was reported. A total of 9 articles 
were reviewed.

RESULTS AND DISCUSSION
Midodrine
Application of heart failure therapy is often limited by certain contrain-
dications and by the development of medication side effects.4-7,8 Hypo-
tension was shown to be the cause of 28% of treatment failure in patients 
with systolic heart failure.4 In a separate study, Lisinopril use was associ-
ated with hypotension or dizziness in 12.8% of patients when given in 
high dose and in 9% of patients when given in low dose.9 On the other 
hand, dizziness 41% and hypotension 28% were reported in patients 
with systolic heart failure on beta blocker therapy.4 
Midodrine is a prodrug metabolized by the liver into Desglymidodrine, 
an active metabolite with selective alpha 1 receptor agonist properties.10 
Midodrine is an oral agent that acts peripherally leading to increase in 
blood pressure.5 This agent has been used for the treatment of symp-
tomatic hypotension in several medical conditions.6 The potential role 
of Midodrine in the treatment of heart failure has been examined in two 
separate studies. Patients with end stage renal disease and symptomatic 
New York Heart Association class III-IV heart failure, all with symptom-
atic hypotension during dialysis and with previous hospital admissions 
for volume overload were included in an observational, small size study 
by Bregman.12 When using Midodrine, the lowest mean arterial pressure 
during dialysis, along with the mean arterial pressure after dialysis were 
significantly improved. This was accompanied by a subjective improve-
ment in dyspnea and orthopnea in all five patients studied, and by a tran-
sition to “edema free” state in four out of the five patients. In a separate 
observational study, Zakir and colleagues showed that in ten patients 
with systolic heart failure and symptomatic hypotension interfering with 
optimizing medical therapy, the use of Midodrine was associated with 
a significant increase in the percentage of patients on optimal medical 
therapy.13 At the end of the study 57.5% of patients were on optimal dose 
of ACEI/ARB vs 20% initially, 75% compared to 37.5% of patients were 
on optimal dose beta blocker, and 95% compared to 43.7% of patients 
were on optimal Spironolactone/Eplerenone therapy. (Figure 1) The use 
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of Midodrine was further associated with an improvement in left ven-
tricular ejection fraction. Furthermore, patients on Midodrine had fewer 
hospital admissions and fewer total hospital days (150 vs 58) within a six 
month period. Lastly, in a separate article, Midodrine was reported to be 
successfully used in the treatment of hypotension stemming from myo-
cardial stunning post myocardial infarction.14 Table 1 summarizes the 
findings of the studies on Midodrine in heart failure patients. (Table 1) 
The known side effects of Midodrine include piloerection, supine hyper-
tension, and urinary disturbances among others.5 None of the reviewed 
studies mentions the presence of any of these side effects in the study 
groups, although the groups were rather small and it is likely that if used 
in a larger population some of these side effects would be noted.
Pyridostigmine
Decrease in heart rate variability was shown to be associated with in-
creased mortality in patients with chronic heart failure.15 Furthermore, 
heart rate recovery after exercise is an independent predictor of mortal-
ity/hospitalization in patients with heart failure.16 Chemoreceptor hyper-
sensitivity was shown to be another independent predictor of mortality 
in patients with heart failure.17  None of the studies involving pro-cho-
linergic agents in the treatment of heart failure have reached clinical ap-
plication yet.18-22 
Pyridostigmine is a reversible acetylcholine esterase inhibitor, it aug-
ments the effect of the parasympathetic system.6-20 It is currently used 
in the treatment of myasthenia gravis.23 Several efforts to study the effect 
of Pyridostigmine in animal models of heart failure have been made. 
In a study by Lara et al. genetically modified mice with reduced expres-
sion of the vesicular acetylcholine transporter developed left ventricular 
failure.21 They also experienced significant cardiac remodeling that was 
found to be a result of activation of fetal gene program. However, when 
given Pyridostigmine, mice experienced improvement in left ventricular 
systolic tension and left ventricular fractional shortening. Moreover, the 
use of Pyridostigmine was associated with a decrease in left ventricular 
cross sectional area and in left ventricular concentric hypertrophy evalu-
ated at six months of treatment. B-type natriuretic peptide, atrial natri-
uretic factor, and beta myosin heavy chain levels were high in the geneti-
cally modified mice, and went back to normal with 2 weeks of treatment 
with Pyridostigmine. In another animal study by Lataro et al., the use of 
Pyridostigmine in heart failure models was associated with decrease in 
myocyte diameter, increase in stroke volume, cardiac output and con-
tractility.20 At 4 weeks of treatment, Pyridostigmine group had an EF of 
25% compared to 15% in the control group. Pyridostigmine group had 
a higher level of vascular endothelial growth factor expression (suggest-
ing angiogenesis) and a higher collagen density in cardiac myocytes. Sa-
bino and his team showed that Pyridostigmine decreased baroreflex to 
bradycardia, preventing impairment of baroreflex sensitivity in rats with 
heart failure due to coronary ischemia.22 In the same study, the increase 
in the heart rate of rats with heart failure in response to hypercapnia was 
reduced by the use of Pyridostigmine, and the increase in pulmonary 
ventilation in response to hypoxia was also decreased in Pyridostigmine 
group. In this study, Pyridostigmine did not increase mean arterial pres-
sure and it did not increase baseline pulmonary ventilation.
Several smaller scale studies have been conducted in humans as well. In 
one study involving 23 stable patients with heart failure with reduced 
ejection fraction, Pyridostigmine was associated with 65% reduction in 
the frequency of premature ventricular complexes, without a change in 
the frequency of ventricular tachycardia.24 Pyridostigmine group had a 
positive change in short term heart rate variability indices, thus reflect-
ing an increase in short term heart rate variability. There was no change 
in left ventricle dimension in the treatment group, but these patients had 
an increase in E to A ratio and an increase in peak velocity. In a separate 

study, Serra and his colleagues showed that Pyridostigmine blunted the 
increase in heart rate in response to exercise in heart failure patients up 
to 60% of maximum tolerated exercise.25 There was an increase in pulse 
pressure at peak exercise but without a change in the peak heart rate. 
Moreover, there was no change in maximum exercise capacity, hinting 
towards the neutrality of Pyridostigmine regarding functional capacity 
in patients with heart failure. In one study involving 20 patients with 
heart failure with a mean EF of 24%, Pyridostigmine was associated with 
improved heart rate recovery at one minute after exercise termination, 
without any difference at 3 minutes, again without affecting exercise 
performance.26 Table 2 summarizes the findings of the studies on Pyr-
idostigmine in heart failure. (Table 2) The reviewed articles concluded 
that Pyridostigmine was well tolerated in patients with heart failure. The 
absence of reported side effects is likely due to the small number of pa-
tients and the small duration of these studies.

Figure 1: Percentage of patients on optimal dose of Angiotensin Con-
verting Enzyme Inhibitor (ACE-I) (mg), beta-blocker (mg) or mineralocor-
ticoid receptor antagonist (mg) in patients with congestive heat failure 
and hypotension with and without addition of midodrine to treatment 
(chart made based on data by Zakir et al.)

Table 1: Summary of the effects of Midodrine on patients with heart 
failure

Author 
(year)

Title Findings

Bergman 
(2009)

Hemodialysis in hypotensive 
heart failure using Midodrine

Mean arterial pressure 
during dialysis improved 
with Midodrine therapy

Zakir et al. 
(2009)

The use of Midodrine in 
patients with advanced heart 

failure

Use of Midodrine enabled 
usage of optimal medical 

therapy in hypotensive heart 
failure

Sharma et al. 
(2005)

Successful treatment of 
hypotension associated with 

stunned myocardium with oral 
Midodrine therapy

Midodrine can substitute 
IV inotropes in treatment 

of hypotension from 
myocardial stunning
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CONCLUSION
The agents that were reviewed in this paper, Midodrine and Pyridostig-
mine may find application as adjuvant therapies in the treatment of 
particular subgroups of patients with heart failure. It is known that the 
benefits of standard medical treatment with ACEI/ARB, beta-blockers 
and aldosterone antagonists stem not only from their known effects on 
afterload reduction, but also from effects on myocardial remodeling 
which drives the progression of heart failure. As stated above, optimi-
zation of these therapies by up-titration to a target dose was shown to 
have additional benefits in a clinical setting, although side effects (mainly 
hypotension) limit the use of target doses in all patients. Although using 
Midodrine to eliminate hypotension and optimize medical therapy in 
heart failure patients carries a great potential towards better effects that 
may include survival, it has only been studied in a small cohort of 10 pa-
tients. There are no large placebo-controlled randomized studies to date 
that examine this issue. Pyridostigmine in human heart failure was so far 
associated with better cardiac exercise response profile, but the beneficial 
effects on remodeling and cardiac function which were demonstrated 
in animal studies were not thoroughly looked at in human studies. The 
two reviewed agents could be beneficial in treatment of heart failure, but 
require large randomized studies to examine their effects. 
Clinical perspectives
As mentioned earlier, application of the standard therapy for heart failure 
is often limited by medication side effect. And despite available therapy, 
mortality from heart failure remains to be high. This review highlights 
the role of Midodrine in increasing the percentage of patients on optimal 
medical therapy. This review further describes the benefits of Pyridostig-
mine observed on cardiac remodeling and cardiac function in animal 
models and in limited human studies, thus hinting towards their possible 
role in the future of heart failure therapy.
Translational outlook
The role of Midodrine in optimizing heart failure therapy needs to be 
explored in a randomized controlled trial involving adequate number of 

patients, looking into long term therapy effects to determine if the use 
of Midodrine is associated with better mortality, hospitalization rates, 
or other significant outcomes. On the other hand, while Pyridostigmine 
does improve cardiac remodeling and cardiac function in animal mod-
els, this needs to be explored in humans. Whether or not Pyridostigmine 
will have similar effects on human hearts, and whether or not these ben-
efits will outweigh the risks associated with the dose used needs to be 
determined. 
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